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Prepared  by : 

I .  Kabik  and  C .  Goode 

ABSTRACT:  Mk  1  Mod  0  Squibs  were  fired  in  the  wave  guide  of  a 

9KMC  radar.  For  fully  loaded  squibs,  on  the  basis  of  previous 
tests  at  D.C.  to  5  megacycles,  the  bridgewire  in  the  9Kyc  tests 
did  not  reach  the  temperature  expected  necessary  for  firing. 
Squibs  without  cup  or  base  charge  approximated  the  expected 
firing  temperature.  From  the  results  it  is  inferred  that  squib 
simulators  used  to  predict  firing  on  the  basis  of  bridgewire 
temperature  may  not  be  applicable  at  frequencies  as  high  as 
9kMC.  It  is  also  hypothesized  that  the  powder  charges  in  some 
devices  may  act  as  attenuators  somewhat  reducing  the  probability 
of  firing  in  high  frequency  RF  fields. 
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Characterization  of  Squib  Mk  1  Mod  0;  Sensitivity  to  9KMC 
Radar  Pulses 


This  report  describes  work  to  determine  the  response  of  the 
Mk  1  Mod  0  Squib  to  9  KMC  radar  pulses.  The  work  was  sponsored 
by  the  HERO  program.  Task  NOL  443. 

It  Is  believed  that  the  results  are  significant  In  that  they 
point  out  the  possible  Inapplicability  of  using  the  brldgewlre 
temperatures  of  EEDs  to  predict  their  response  to  frequencies 
as  high  as  9KMC . 
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Captain,  USN 
Commander 


C,  J,  ARONSON 
By  direction 


11 

UNCLASSIFIED 


UNCLASSIFIED 
NOLTR  62-77 


CONTENTS 


Page 


INTRODUCTION  .  1 

THE  MODEL  AND  ITS  APPLICATION  TO  RADAR  PULSES . 2 

THE  EXPERIMENTAL  APPARATUS  .  3 

MONITORING  THE  BRIDGEWIRE  TEMPERATURE  .  5 

RESULTS  .  6 

DISCUSSION  OF  RESULTS  .  7 


TABLES 

Table  Title  Page 

I  Continuous  Pulse  Firing  Using  the  Sanborn 

Recorder  (Fully  Loaded;  .  9 

II  Continuous  Pulse  Firing  Using  the  Oscilloscope 

(Fully  Loaded) . . . 10 

III  Gated  Pulse  Firing  -  40  Pulses  (Fully  Loaded)  .  ,  ,11 

IV  Gated  Pulse  Firing  -  100  Pulses  (Fully  Loaded),  ,  ,13 

V  Gated  Pulse  Firing  -  50  Pulses . 14 

ILLUSTRATIONS 

Figure  Title  Page 


1  Squib  Mk  1  Mod  0  . 

2  Thermal  Stacking  of  the  Mk  1  Squib  Bridge  .  ,  ,  , 

3  Thermal  Stacking  of  the  Mk  1  Squib  Bridge  as  a 
Function  of  Pulse  Amplitude  (Constant  Current 
Pulses,  500  PPS,  Pulse  Width  2  Mlcrosecondsl  .  ,  . 

4  Observed  Thermal  Stacking  of  Squib  Brldgewire 

During  9KMc  Radar  Test  . 

5  Apparatus  for  9-KMC  Firing  Tests  . 

6  Details  of  Squib  Holder  . 

7  Typical  Oscillograms  for  Continuous  Input  ,  .  ,  . 
&  Typical  Oscillogram  for  Gated  Firing,  Squib  Fired, 


REFERENCES 


111 

UNCLASSIFIED 


UNCLASSIFIED 
NOLTR  62-77 


INTRODUCTION 

1.  This  report  describes  some  preliminary  experiments  to 
determine  the  response  of  the  Rqulb,  Mk  1  Mod  0,  to  9KMC 
radar  pulses.  The  firing  of  electro-explosive  devices  (EEDs) 
by  RP  energy  has  been  the  subject  of  rather  Intensive  Investi¬ 
gation  under  the  Bureau  of  Naval  Weapon's  HERO  (Hazard  of 
ElectromaKnetlc  Radiation  to  Ordnance)  program  of  which  this 
study  was  a  part.  The  HERO  proeram  was  Initiated  by  the 
proven  unintentional  firing  of  EEDs  by  RP  energy;  the 
suspicion  that  the  frequency  of  such  accidental  flrlnvs  might. 
If  the  problem  were  neglected.  Increase  with  the  Increasing 
power  of  military  RP  transmitters;  and  the  desire  to  prevent 
by  reasonable  means  the  consequences  of  the  Inadvertent 
firings. 

2.  The  Naval  Ordnance  Laboratory  was  ttlven  the  task  to 
determine  the  response  of  EEDs  to  electrical  energy.  It  was 
hoped  that  a  generalized  concept  of  how  an  EED  reacts  to 
electrical  pulses  could  be  developed  and  extended  to  predict 
expected  responses  of  EEDs  when  contained  In  ordnance  sub¬ 
jected  to  RP  environments.  The  Squib,  Mk  1  Mod  0  (Figure  l) 
was  originally  chosen  for  the  NOL  studies.  The  Squib,  Mk  1 
Mod  0,  Is  a  typical  wire  bridge  EED,  it  was  available  In 
quantity  from  production  and  was  of  special  Interest  because 
It  was  Involved  in  the  early  accidental  firings  by  RP  of 
2.75  Inch  rockets.  A  considerable  amount  of  experimental 
work  has  now  been  done  at  NOL  with  this  squib.  This  work  has 
resulted  In  a  mathematical  model  for  the  squib's  response  to 
electrical  stimuli  (l);  the  development  of  Instrumentation 
necessary  to  measure  the  physical  constants  associated  with 
the  soulb  and  Involved  In  the  mathematical  model  (2),  (3), 

(4),  (3);  the  measured  response  to  capacitor  discharge  and  to 
energy  supplied  at  5  megacycles  RF  (6),  (7),  (8),  (9),  (lO); 
and  comparisons  of  predicted  and  measured  responses  when  the 
mathematical  model  Is  combined  with  the  "hot-spot"  theory  of 
explosive  Initiation  (ll),  (12),  (13) »  (l4).  All  of  the 
experimental  work  extending  from  DC  firing  to  firing  at  a 
frequency  of  3  megacycles  Indicated  that  the  mathematical 
model  developed  was  adequate  to  describe  the  response  of 

the  squib  over  this  range. 

3.  In  the  model  developed  the  energy  delivered  to  the  squib 
was  assumed  to  be  dissipated  as  heat  In  the  brldgewlre.  If 
the  temperature  elevation  of  a  small  volume  of  explosive  In 
contact  with  the  brldgewlre  was  large  enough.  Initiation 
occurred,  Por  frequencies  up  to  3  megacycles  (and  probably 
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somewhat  higher)  the  assumption  that  all  the  power  was  dissi¬ 
pated  In  the  brldpiewlre  appeared  reasonable.  For  squibs  such 
as  the  Mk  1  Mod  0  In  a  radar  field  of  frequency  ■  9KMC  (Tl'ST  3cm) 
It  could  be  expected  that  enerpcy  mlf^ht  be  absorbed  In  physical 
parts  other  than  the  brld^ewlre.  In  addition,  at  frequencies 
as  hlKh  as  9KMC  It  was  possible  that  larpie  potential  differ¬ 
ences  could  exist  between  different  parts  of  the  squib 
structure  and  mlpsht  result  In  Internal  arcing  possibly  through 
the  explosives.  The  dissipation  of  energy  other  than  In  the 
brldgewlre  by  either  of  these  mechanisms.  If  large  enough, 
could  possibly  lead  to  firing.  If  appreciable  energy  were 
dissipated  other  than  In  the  brldgewlre  the  mathematical  model 
developed  would  not  apply.  The  tests  of  this  report  were  to 
a  large  extent  made  to  determine  whether  or  not  the  mathe¬ 
matical  model  did  apply  at  the  9KMC  frequency. 


THE  MODEL  AND  ITS  APPLICATION  TO  RADAR  PULSES 
4.  The  mathematical  model  postulated  was: 

si-  8  ■  f(t). 

where : 

Cp  «  heat  capacity  of  bridge  system 
e  ■  temperature  rise  above  ambient 
t  -  time 

y  *  heat  loss  factor 
P(t)  ■  time  dependent  power  Input 

If  the  physical  constants  Cp  and  /  are  known,  solutions  to 
the  equation  can  be  found  for  different  P(t)  Inputs  which  give 
6  as  a  function  of  t.  If  the  hot  spot  theory  of  explosive 
Initiation  (15)  Is  assumed,  explosion  will  occur  when  6  reaches 
about  500OC  above  ambient.  As  previously  noted.  Instruments 
were  built  with  which  Cp  and  Y  were  measured.  These  values 
for  the  Mk  1  Mod  0  Squib  are  Cp  ■  2.4  x  10"°  watt-8ec/°C, 
y-  6.0  X  10"4  watts/°C.  The  equation  has  been  applied  for 
radar  type  Inputs  to  the  Squib,  Mk  1  Mod  0  (ll),  (12),  (13), 
(l4),  ^6)  .  It  was  assumed  that  the  Input  takes  the  form  of 
a  constant  current  square  pulse  alternating  with  an  off  time. 
The  assumed  constant  current  pulse  Is  a  conservative  one  for 
safety  estimates  as  It  Introduces  regenerative  heating  due  to 
the  positive  temperature  coefficient  of  resistance  of  the 
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brtdgewlre.  The  equation  for  a  constant  current  Input  Is: 

Cp  ^  +y  ©  -  I^R^  (1  +-<e) 

«<  •  the  coefficient  of  resistance  corresponding 
to  Rq 

Rq  -  resistance  at  beginning  of  each  current  pulse. 


The  solution  Is: 


e  - 


1  -  exD 


(^r). 


P  dt 


^  +y  0  -  0 


When  the  pulse  Is  shut  off 
C, 

and 

0  ■  0Q  exp 

where : 

0Q  «  temperature  at  end  of  constant  current  pulse 
t  ■  0  at  beginning  of  the  off  period. 


5.  The  results  of  applying  these  equations  to  the  Squib, 

Mk  1  Mod  0,  for  several  different  current  amplitudes  at  an 
"on-tlme"  of  2  microseconds  followed  by  an  "off-tlme"  of 
2  milliseconds  are  shown  In  Figures  2  and  3.  The  "thermal 
stacking"  which  occurs  mathematically  had  been  qualitatively 
predicted  much  earlier  (17).  Figure  shows  actual  osclllo- 
grare of  the  resistance  (and  consequently,  the  temperature  with 
a  suitable  proportlonablllty  factor)  of  the  brldgewlre  of  the 
Mk  1  Squib  In  a  9KMC  radar  wave  guide.  It  shows  the  stacking 
to  be  of  the  form  predicted. 


THE  EXPERIMENTAL  APPARATUS 

6.  For  the  experimental  firing  program  the  Squib,  Mk  1  Mod  0, 
was  mounted  in  the  radar  wave  guide  of  the  arrangement  shown 
in  Figure  5.  The  50-watt  average  power  output  from  the 
modulator  worked  into  a  dummy  load.  A  15-db  c-ross-coupler  syphoned 
off  a  portion  of  the  modulator  output.  The  squib  was  mounted 
in  one  arm  of  the  cross-coupler  and  a  slideable  short  in  the 
other.  Beyond  the  squib  a  copper  plate  with  a  small  hole  in  it 
was  placed  across  the  wave  guide.  This  plate  was  needed  to  re- 
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fleet  energy  by-passing  the  squib  back  Into  the  waye  guide. 
Without  It,  It  was  difficult  to  fire  the  squibs.  The  arm  of 
the  cross-coupler  containing  the  squib  was  slotted  In  the  E 
plane  and  stuffed  with  styrofoam.  This  was  done  to  preyent 
the  gases  and  particles  from  the  exploding  squib  to  damage  or 
foul  the  apparatus.  The  squibs  were  mounted  In  a  holder  as 
shown  In  Figure  6,  The  holder  was  clamped  to  the  waye  guide 
with  the  squib  lead  wires  clamped  between  the  waye  guide  and 
the  holder  In  fixed  orientation  In  the  H  plane. 

7.  Two  types  of  firings  were  conducted  during  the  program: 

a.  continuous  operation 

b.  gated  pulse  operation. 

8.  For  continuous  operation  the  apparatus  was  as  above.  The 
squib  was  mounted  to  the  wave  guide,  the  radar  was  turned  on, 
and  the  slldeable  short  moved  until  the  position  which  gave 
maximum  power  absorption  at  the  squib  was  reached.  This 
usually  took  In  excess  of  15  seconds.  Notation  was  made  as  to 
whether  the  squib  fired .  The  method  used  to  determine  the 
position  of  maximum  energy  absorption  (maximum  temperature  of 
the  brldgewlre)  will  be  described  In  a  later  section  of 

this  report. 

9.  For  gated  pulse  operation  the  apparatus  described  was 
modified  so  that  a  controlled  number  of  pulses  could  be 
delivered  to  the  squib.  The  modification  consisted  of  using  a 
preset  counter  pulser  to  ground  the  Input  grid  of  the  cathode 
follower  In  the  thyratron  triggering  circuit  of  the  modulator. 
The  grounding  took  place  through  a  capacitor.  It  was  found 
that  to  obtain  the  desired  number  of  pulses  Into  the  squib  the 
counter  pulser  had  to  be  set  for  5  less  than  the  desired 
number  of  radar  pulses.  In  conducting  a  test  the  squib  was 
mounted  to  the  wave  guide,  the  slldeable  short  was  positioned 
to  a  point  where  maximum  heating  was  expected*,  the  counter 
pulser  was  set  for  the  desired  number  of  Input  pulses,  and  the 
radar  turned  on  to  pulse  the  squib.  Notation  was  made  of 
whether  or  not  the  squib  fired  and  of  the  maximum  bridge 
temperature  monitored.  The  method  of  monitoring  will  be 
discussed  below. 


*The  short  was  set  to  a fixed  position  on  the  basis  of 
experience  with  continuous  pulse  operation. 
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MONITORING  THE  BRIDGEWIRE  TEMPERATURE 

10.  To  measure  the  temperature  of  the  brldgewlre,  the  bridge- 
wire  Itself  was  used  as  Its  own  resistance  therometer.  A  small 
constant  current  of  50ma  was  passed  continuously  through  the 
brldgewlre  when  a  squib  was  being  tested.  The  voltage  across  the 
brldgewlre  was  measured  concurrently .  Consequently  the  resistance 
using  Ohms  Law  Is  known  as  a  function  of  time.  The  coefficient 
of  resistance  (oc  )  of  the  brldgewlre  was  then  used  as  the 
proportionality  factor  to  relate  resistance  and  brldgewlre 
temperature  thus; 

^  ~  I  f  Rt-.  -  Rr.  ') 

^  \  Ro  / 

where : 

R^  ■  resistance  of  brldgewlre  at  any  time 

Rq  -  Initial  cold  resistance  of  brldgewlre 

This  method  Is  extremely  simple  and  sufficiently  accurate  to 
obtain  meaningful  measurements.  The  constant  current  (50ma)  Is 
chosen  sufficiently  low  so  that  the  elevation  In  the  brldgewlre 
temperature  which  It  alone  produces  Is  low  compared  to  the 
temperature  needed  for  firing. 

11.  No  attempt  was  made  to  measure  either  the  power  or  the  energy 
delivered  to  the  squibs  as  a  whole.  There  Is  no  doubt  that  during 
these  radar  experiments  energy  Is  being  absorbed  by  the  squib  other 
than  In  the  brldgewlre.  The  absorption  of  energy  other  than  In 
the  brldgewlre  could  be  of  significance.  However,  our  purpose 
here  was  to  test  whether  or  not  the  squibs  conformed  to  the 
mathematical  model  at  the  9KMC  frequency  as  It  had  at  all  tested 
frequencies  up  to  5  megacycles.  For  this  purpose  the  bridge 
temperature  Is  the  significant  measurement  needed. 

12.  Several  methods  were  used  to  measure  the  voltage  drop  across 
the  brldgewlre.  For  the  case  where  the  radar  was  turned  on  and 
allowed  to  run  continuously  the  voltage  measurement  was  first  made 
using  a  Sanborn  Recorder  (Twin  vlso  model  6O-1300),*  However,  this 
Instrument  did  not  have  sufficient  sensitivity  and  the  total 
deflection  was  too  small  to  obtain  readings  of  the  desired 
significance.  Some  few  attempts  were  made  to  use  a  60  cycle  MS 
a.c,  voltmeter,  but  one  could  not  ar’curately  make  a  reading  Just 
before  the  needle  went  off  scale  when  the  squib  fired.  An 
oscilloscope  was  selected  as  the  means  of  making  the  voltage 
measurement.  The  scope  was  allowed  to  retrace  and 

* _ 

Similar  instruments  manufactured  by  other  Companies  could  have 
been  used  with  equal  facility. 
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the  highest  reading  obtained  before  the  very  rapid  rise  in  voltage 
(shown  in  Figure  7  by  the  large  number  of  individual  lines  above 
the  almost  opaque  mass  of  retraces)  resulting  from  the  heat  feed 
back  from  the  burning  explosive  was  selected  as  the  voltage  to  be 
used  in  making  the  temperature  calculation.  During  the  test  the 
slideable  short  was  adjusted  to  obtain  squib  firing.  In  several 
ca«es  however,  the  squib  could  not  be  fired.  Here  the  highest 
voltage  on  the  trace  was  used  to  calculate  the  final  temperature 
attained  by  the  bridgewire.  Typical  oscillograms  are  shown  in 
Figure  7. 

13.  For  the  gated  pulse  operation  the  total  duration  of  the  input 
signal  was  precisely  known  in  advance.  Retracing  was  not  necessary, 
and  it  was  consequently  possible  to  obtain  an  accurate  oscilloscopic 
reading  of  the  voltage  across  the  bridgewire  as  a  function  of  time. 
From  the  traces  so  obtained  the  points  corresponding  to  firing  of 
the  squibs  could  be  selected.  These  points  occurred  when  the  heat 
produced  by  the  explosion  caused  a  rapid  rise  of  the  voltage 
across  the  bridgewire.  A  typical  oscillogram  is  shown  in  Figure  8. 

RESULTS 

14.  The  results  for  the  continuous  mode  of  firing  are  given  in 
Tables  I  and  II.  Table  I  was  obtained  using  the  Sanborn  Recorder 
and  Table  II  the  oscilloscope  as  discussed  above.  As  can  be  seen 
the  temperatures  observed  at  the  bridgewire  are  considerably  lower 
than  the  expected  400-500* C  firing  temperature.  It  was  thought  at 
first  that  the  low  results  might  possibly  be  due  to  the  inaccuracy 
of  the  measurement.  However,  after  the  gated  pulse  tests  were  run 
with  certain  innovations  it  was  apparent  that  although  the  observed 
low  temperatures  might  be  somewhat  imprecise  they  were  nevertheless 
an  accurate  indication  of  an  existing  low  temperature  condition 

at  the  bridgewire  when  the  squibs  fired. 

15.  The  results  for  the  gated  pulse  firing  are  given  in 
Tables  III,  IV,  and  V.  Table  III  data  were  obtained  cn  fully 
loaded  devices  at  40  pulses;  Table  IV  information  was  obtained 
on  fully  loaded  devices  subjected  to  100  pulses.  An  inspection 
of  these  tables  shows  that  a  number  of  firings  occur  at 
extremely  low  bridgewire  temperatures  (i.e.  about  150*C). 

Moreover,  it  was  noted  that  a  large  number  of  squibs  did  not 
fire  at  all.  Ordinarily  this  might  have  been  interpreted  as 
due  to  poor  positioning  of  the  squib  in  the  wave  guide  (a  fairly 
critical  factor  for  good  power  absorption).  However,  during 
preliminary  adjustments  of  the  radar  system  a  number  of  trial 
and  error  firings  were  carried  out  using  the  plug  and  bridge- 
wire  with  the  spot  charge  only,  i.e.  the  cup  and  base  charge 
were  removed.  It  was  noted  at  that  time  that  firings  occurred 
in  virtually  every  case. 
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16,  It  was  therefore  decided  to  run  a  test,  the  data  for 
which  are  given  In  Table  V,  In  this  test  squibs  were  divided 
Into  two  groups.  One  portion  of  the  squibs  was  left  Intact. 

The  other  portion  was  modified  by  removing  the  cup  and  base 
charge.  A  teat  aeries  was  then  run  wherein  some  of  the  modified 
squibs  were  tested  In  the  radar  firing  apparatus;  some  of  the 
fully  loaded  squibs  were  then  tested  under  the  same  conditions, 
and  finally  the  remainder  of  the  modified  squibs  was  tested. 

The  sequential  type  firing  was  performed  to  eliminate  any  effect 
of  radar  drift  during  the  test  series.  An  Inspection  of  the 
results  In  Table  v  confirms  the  previous  observation.  With  wire 
and  spot  charge  only,  firing  occurs  In  almost  every  case  and  the 
temperature  of  the  brldgewlre  while  lower  than  anticipated  Is 
not  excessively  low.  With  the  cup  and  base  charge  present  a 
large  number  of  misfires  occurs,  power  absorption  at  the  bridge- 
wire  Is  much  poorer,  and  most  Important  the  temperatures  ob¬ 
served  at  the  brldgewlre  at  the  time  of  firing  Is  quite  low  In 
many  cases. 


DISCUSSION  OF  RESULTS 

17.  The  results  of  fully  loaded  Mk  1  Squibs  fired  In  the  wave 
guide  of  the  9KMC  radar  Indicate  that  the  mathematical  model 
previously  found  to  hold  from  D.C.  through  5  megacycle  R.F.  was 
not  applicable.  Temperatures  observed  at  the  brldgewlre  were 
much  lower  than  the  400  to  500°C  expected.  For  squibs  modified 
by  removal  of  the  cup  and  base  charge,  results  approaching  those 
predicted  by  the  previously  proposed  model  were  obtained. 

However,  even  here  the  temperatures  In  some  few  cases  were  about 
lOO^C  lower  than  expected.  It  was  also  observed  that  with  the 
cup  and  base  charge  removed  all  of  the  squibs  tested  fired. 

When  full  loaded  squibs  were  tested  the  Incidence  of  firing  was 
lower.  For  gated  pulse  operation  where  the  squib  was  fixed  In  a 
single  position  the  Incidence  of  firing  was  lowest.  In  the 
case  of  continuous  operation  where  tunlne  was  performed  during 
the  test  not  all  squibs  fired. 

18.  From  these  results  and  the  fact  that  VSWR*  tests  show  that 
considerable  power  Is  absorbed  other  than  In  the  brldgewlre  It 
Is  apparent  that  firing  In  many  cases  during  the  testing  de¬ 
scribed  was  not  due  to  the  heating  of  the  brldgewlre,  but 
rather  to  energy  delivered  by  another  heating  mechanism.  The 
fact  that  firings  at  low  brldgewlre  temperatures  occurred  with 
as  few  as  40  pulses  indicates  further  that  It  Is  not  a  bulk 
heating  of  the  explosive  which  Is  taking  place.  At  the  9KMC 
frequency  voltages  exist  between  various  portions  of  the  squib 
structure.  These  voltages  lead  to  current  flow  and  In  some  cases 
It  Is  hypothesized  that  this  current  channels  between  the  lead 
wires  and  the  cup  through  the  sensitive  primary  explosive  and 

^  ^ome  few  tests  were  pertormed  but  not  reported  here. 
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causes  the  squibs  to  fire.  Removal  of  the  cup  leaving  the 
bridge  and  spot  charge  In  air  makes  such  alternate  paths  un¬ 
likely,  and  the  firing  once  again  reverts  to  nearly  that  caused  by 
elevated  brldcewlre  temperatures.  It  Is  possible  also  that  the 
black  powder  being  conductive  absorbs  energy  by  current  flow 
through  It  and  between  various  portions  of  the  cup.  This  could 
account  for  the  reduced  frequency  of  firing. 

19.  Prom  the  HERO  standpoint  these  results  could  be  highly 
slfLOlflcant  because  they  point  up  the  fact  that  simulators  used 
to  detect  the  degree  of  heating  at  the  brldgewlres  of  EEDs  might 
give  erroneous  Indications  of  whether  or  not  a  device  would  have 
fired.  Further,  the  results  Indicate  that  the  powders  of 
certain  EEDs  might  themselves  be  attenuators  of  Incoming  RF 
energy  and  absorb  appreciable  amounts  of  the  total  energy  being 
delivered  to  the  squib.  Clever  designs  could  possibly  take 
advantage  of  such  a  phenomenon  to  reduce  the  probability  of 
firing  from  short  duration  exposures  to  RF  fields. 

20.  Finally,  It  should  be  pointed  out  that  the  data  gathered 
In  the  gated  pulse  firing  portion  of  the  tests  Is  possible  of 
more  extensive  evaluation.  It  would,  for  instance,  with  further 
analysis,  be  possible  to  determine  the  elapsed  time  to  firing, 
the  pulse  or  which  firing  occurred  and  also  to  calculate  the 
delivered  energy  up  to  the  firing  point.  In  the  Interest  of 
reporting  the  more  pertinent  results  within  reasonable  time  and  in 
the  belief  that  the  Important  conclusions  would  not  be  altered, 
the  more  elaborate  determinations  were  not  made  up  to  the 
writing  of  this  report. 
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TABLE  I 

Continuous  Pulse  Plrlnp;  Using  The 
Sanborn  Recorder  (Fully  Loaded) 


( ohms ) 

Total 

Deflection ( mv ) 

0.98 

56.4 

1.09 

63.0 

0.95 

52.4 

0.99 

57.0 

0.96 

54.6 

1.02 

57.4 

1.00 

56.0 

1.02 

61.0 

1.08 

60,5 

Result 

1.13  219  X 

1.26  223  X 

1.05  150  0 

1.14  216  X 

1.09  193  X 

1.15  182  X 

1.12  171  X 

1.22  280  X 

1.21  172  X 


Rpfohms)  ep(°C) 


X  .  Fire 
0  •  Misfire 
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TABLE  II 

Continuous  Pulse  Plrlnf?  Using  The 
Oscilloscope  (Fully  Loaded) 


RQ(ohra) 

Total 

Deflectlon(mv) 

Rp(ohms) 

ep(°c) 

Result 

1.03 

60.5 

1.21 

250 

X 

1.20 

70.5 

1.41 

250 

X 

1.03 

60.5 

1.21 

250 

X 

0.99 

58.5 

1.17 

260 

X 

0.97 

59.0 

1.18 

309 

X 

1.09 

64.0 

1.28 

249 

X 

1.01 

59.5 

1.19 

255 

X 

1.13 

69.5 

1.39 

329 

X 

1.01 

58.5 

1.17 

226 

X 

1.04 

64.0 

1.28 

330 

X 

1.05 

58.5 

1.17 

163 

0 

1.10 

63.5 

1.27 

221 

0 

1.03 

63.5 

1.27 

333 

X 

1.07 

66.0 

1.32 

334 

X 

1.10 

63.0 

1.26 

208 

0 

1.01 

57.5 

1.15 

198 

X 

1.16 

70.5 

1.41 

308 

X 

0.91 

53.5 

1.07 

251 

0 

1.05 

65.0 

1.30 

340 

X 
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TABLE  III 

Gated  Pulse  Firing  -  40  Pulses 
(Fully  Loaded) 


Ro(ohm) 

Total 

Deflection  (mv) 

RpCohms) 

ep(°c) 

Result 

1.02 

62.0 

1.24 

280 

X 

1.02 

55.0 

1.10 

112 

0 

1.01 

56.5 

1.13 

170 

0 

0.99 

56.0 

1.12 

188 

0 

1.10 

67.0 

1.34 

312 

X 

1.00 

59.0 

1.18 

257 

X 

0.96 

53.0 

1.06 

149 

X 

0.96 

53.0 

1.06 

149 

0 

1.02 

63.0 

1.26 

336 

X 

1.06 

58.0 

1.16 

135 

0 

1.05 

57.5 

1.15 

136 

0 

1.06 

58.5 

1.17 

148 

X 

1.14 

68.0 

1.36 

276 

X 

0.99 

55.0 

1.10 

159 

X 

1.00 

61.0 

1.22 

314 

X 

0.94 

49.5 

0.99 

76 

0 

1.02 

58.0 

1.16 

196 

0 

0.99 

59.0 

1.18 

274 

0 

1.00 

63.0 

1.26 

371 

X 

Continued  on  Next  Page 
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TABLE  III 
(Continued ) 


RQ(ohra) 

Total 

Deflection  (mv) 

Rp( ohms ) 

ep(°c) 

Result 

1.00 

55.5 

1.11 

157 

0 

1.06 

64.0 

1.28 

296 

X 

0.91 

56.5 

1.13 

345 

X 

1.09 

57.0 

1.14 

66 

0 

1.21 

66.5 

1.33 

142 

0 
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TABLE  IV 

Gated  Pulse  Firing  -  100  Pulses 
(Fully  Loaded) 


Rq ( ohm ) 

Total 

Deflection  (mv) 

Ri7(ohm) 

ei,(°c) 

Result 

1.09 

69.5 

1.39 

393 

X 

0.95 

53.5 

1.07 

180 

X 

1.10 

63.0 

1.26 

208 

X 

0.97 

62.5 

1.25 

412 

X 

0.99 

55.0 

1.10 

159 

0 

1.02 

63.0 

1.26 

336 

X 

0.95 

52.5 

1.05 

150 

0 

0.90 

58.0 

1.18 

444 

X 

0.99 

53.0 

1.06 

101 

0 

0.97 

53.0 

1.06 

1.33 

X 

1.02 

61.0 

1.22 

280 

0 

1.00 

53.5 

1.07 

100 

0 

1.01 

56.0 

1.12 

156 

0 

1.22 

68.5 

1.37 

176 

0 

1.06 

57.5 

1.15 

121 

0 

1.04 

63.5 

1.27 

316 

X 

1.15 

70.5 

1.41 

323 

X 

0.99 

52.5 

1.05 

87 

0 

1.07 

64.5 

1.29 

294 

X 
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TABLE  V 


Gated  Pulse  Firing  -  50  Pulses 
(No  Case  Spot  Charge) 


;Q(ohm) 

Total 

Deflection 

(mv) 

Rp ( ohm ) 

ep(°c) 

Result 

1.00 

62.5 

1.25 

357 

X 

0.99 

60.5 

1.21 

317 

X 

1.04 

64.5 

1.29 

343 

X 

1.02 

64.5 

1.29 

378 

X 

0.97 

61.5 

1.23 

383 

X 

0.97 

62.0 

1.24 

398 

X 

0.98 

63.0 

1.26 

408 

X 

(Fully  Loaded) 

1.00 

59.0 

1.18 

257 

X 

0.93 

50.5 

1.01 

123 

0 

1.03 

57.5 

1.15 

166 

0 

1.05 

64.5 

1.29 

327 

0 

0,90 

51.5 

1.03 

206 

X 

1.02 

60.5 

1.21 

266 

X 

1.00 

57.0 

1.14 

200 

X 

0.89 

48.5 

0.97 

128 

0 

1.10 

63.0 

1.26 

208 

0 

0.97 

53.0 

1.06 

133 

0 

(Continued 

on  Next 

Page) 
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TABLE  V  (Cont'd) 
(No  Case,  Spot  Charge) 


,  ( ohm ) 

Total 

Deflection  (mv) 

Rp(ohm) 

0p(°C) 

Result 

0.95 

60.0 

1.20 

376 

X 

0.98 

62.5 

1.25 

394 

X 

1.09 

67.5 

1.35 

341 

X 

0.90 

56.5 

1.13 

365 

X 

1.07 

64.5 

1.29 

294 

X 

0.98 

62.0 

1.24 

379 

X 

0.93 

59.0 

1.18 

384 

X 

0.94 

60.0 

1.20 

395 

X 

0.98 

60.5 

1.21 

335 

X 
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FIG.  I  SQUIB  MKI  MOD  0 
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10  20  30  40 

TIME  (MILLISECONDS) 


FIG.  2  THERMAL  STACKING  OF  THE  MKI  SQUIB  BRIDGE 


BRIDGE  WIRE  TEMPERATURE  RISE  (®C) 
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FIG.  3  THERMAL  STACKING  OF  THE  MKI  SQUIB  BRIDGE  AS  A  FUNCTION 
OF  PULSE  AMPLITUDE  (CONSTANT  CURRENT  PULSES,  500  PPS, 
PULSE  WIDTH  2  MICROSECONDS). 
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OBSERVED  THERMAL  STACKING  OF  SQUIB  BRIDGE -WIRE  DURING  9KMc  RADAR  TEST 
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FIG.  5  APPARATUS  FOR  9 -KMC  FIRING  TESTS 


SECTION  OF 

WAVEGUIDE  COPPER  PLATE  SQUIB  LEAD  WIRE 


FIG.  6  DETAILS  OF  SQUIB  HOLDER 
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FIG.  7  TYPICAL  OSCILLOGRAMS  FOR  CONTINUOUS  INPUT 


MOLTR  62-77 


FIG.  8 


TYPICAL  OSCILLOGPAM  FUH  GATED  FIPIIMG, 
■SQUIB  FIRED 
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Commanding  Officer 
Office  of  Ordnance  Research 
Duke  Station 

Durham,  North  Carolina  . . . 

Commander 

U,  S,  Anny  Ordnance 
Frankford  Arsenal 

Philadelphia  37,  Pennsylvania  . 

Commander 

U,  S,  Army  Rocket  &  Guided  Missile  Agency 
Redstone  Arsenal,  Alabama  .  ... 

Commanding  Officer 
Diamond  Ordnance  Fuze  Laboratory 
Connecticut  Ave.  &  Van  Ness  St,,  N.  W. 
Washington  25,  D.  C, 

Ordnance  Development  Laboratory  . 

M,  Llpnlck  (Code  005)  . 

R.  Comyn  (Code  710) . 

0.  Keehn  (Code  320)  . 

Chief  of  Staff 
U.  S,  Air  Force 
Washington  25,  D,  C, 

APORD-AR  . 


Copies 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 


1 


1 


1 


1 

1 

1 

1 


1 
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Copies 


Commander 

Wright  Development  Center 

Wrlght-Patterson  Air  Force  Base 

Dayton,  Ohio . . . 

•  •  •  •  1 

Headquarters,  Air  Proving  Ground  Center 

U.  S,  Air  Force,  ARDC 

Eglln  Air  Force  Base,  Florida 

PGTRI,  Technical  Library  .  ,,  . 

•  •  •  •  X 

Commander 

Air  Research  &  Development  Command 

Andrews  Air  Force  Base 

Washington  23,D.C.  ....  . 

•  •  •  •  X 

Commander 

Rome  Air  Development  Center 

Griffis  Air  Force  Base 

Rome,  New  York . 

•  •  •  •  X 

Commander 

Holloman  Air  Development  Center 

Alamagordo,  New  Mexico  . . . 

•  •  •  •  X 

Commanding  Officer 

Air  Force  Missile  Test  Center 

Patrick  Air  Force  Base,  Florida  ......... 

•  •  •  •  X 

Commander 

Air  Force  Cambridge  Research  Center 

L.  G.  Hanscom  Field 

Bedford,  Massachusetts  .  .  . 

•  •  •  •  X 

Commander 

Hill  Air  Force  Base,  Florida 

OOAMA  . 

•  •  •  •  X 

Armed  Services  Technical  Information  Agency 
Arlington  Hall  Station 

Arlington,  Virginia 

TIPDR  . 

.  ...  10 

Office  of  Technical  Services 

Department  of  Commerce 

Washington  25,  D.  C., . . 

.  .  .  .  100 
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Copies 

Director 

U.  S,  Bureau  of  Mines 
Division  of  Explosive  Technology 
4800  Forbes  Street 

Pittsburgh  13 «  Pennsylvania  .  .  .  1 

Atomic  Energy  Commission 
Washington  25 «  D.  C. 

DMA . 1 

Lawrence  Radiation  Laboratory 
University  of  California 
P.  0.  Box  808 
Livermore,  California 

Technical  Information  Division  .  1 

Director 

Los  Alamos  Scientific  Laboratory 

P,  0.  Box  1663 

Los  Alamos,  New  Mexico 

Library  . 1 

Stavld  Engineering  Inc. 

U.  S.  Route  22 

Plainfield,  New  Jersey  .  1 

Vitro  Corporation 
14000  Georgia  Avenue 

Silver  Spring,  Maryland  .  1 

Western  Cartridge  Company 
Division  of  Olln  Industries 

East  Alton,  Illinois  .  1 

Denver  Research  Institute 
University  of  Denver 

Denver  10,  Colorado  . . 1 

Universal  Match  Corporation 
Marlon,  Illinois 

Mr.  Wm.  Rose . ....1 

Universal  Match  Corporation 

Marlon,  Illinois . 1 

Bermlte  Powder  Company 

Saugus,  California  ..  .  3 
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Field  Command,  Defense  Atomic  Support  Agency 
Albuquerque,  New  Mexico 

PCDR . 2 

Defense  Atomic  Support  Agency 

Washington  23,  D.C....  .  .....2 

Commanding  General 

U,  S,  Army  Proving  Ground 

Aberdeen,  Maryland 

BRL . 1 

Commanding  Officer 

Engineer  Research  &  Development  Laboratory 

U.  S,  Army,  Fort  Belvolr,  Virginia  . . 1 

Commanding  General 
White  Sands  Proving  Ground 

Wlilte  Sands,  New  Mexico . 1 

Sand la  Corporation 
P.  0.  Box  5400 

Albuquerque,  New  Mexico  1 

Sand la  Corporation 
P,  0«  Box  969 

Llvermsore,  California . 1 

Lockheed  Aircraft  Corporation 
P,  0,  Box  504 

Sunnyvale,  California  ••••  .  ....1 

Llbrascope-Sunnyvale 
670  Arques  Avdnue 

Sunnyvale,  California  1 

Director,  Applied  Physics  Laboratory 
Johns  Hopkins  University 
8621  Georgia  Avenue 

Silver  Spring,  Maryland  1 

Solid  Propellants  Agency  . . 1 

Commanding  Officer 

Fort  Dletrlck,  Maryland  1 

Commanding  Officer 
Rock  Island  Arsenal 

Rock  Island,  Illinois . 1 
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Commanding  Officer 
Watertown  Arsenal 

Watertown  72,  Massachusetts  ,,  .  1 

Commanding  General 
Redstone  Arsenal 
Huntsville,  Alabama 

Technical  Library  . . . 1 

Commander,  Ordnance  Corps 
Lake  City  Arsenal 
Independence,  Missouri 

Industrial  Engineering  Division  .....  .  1 

Director,  USAF  Project  RAND 
Via:  USAF  Liaison  Office 
The  RAND  Corporation 
1700  Main  Street 

Santa  Monica,  California  . . . 1 

Aerojet  General  Corporation 
Ordnance  Division 
Downey,  California 

Dr.  L.  Zernow  .•••..  .  ......I 

Stanford  Research  Institute 
Poulter  Laboratories 

Menlo  Park,  California  .  ..1 

Explosives  Research  Group 
University  of  Utah 

Salt  Lake  City,  Utah  . . .1 

Beckman  Instruments,  Ind. 

525  Mission  Street 

South  Pasadena,  California  ...  .  1 

Bulova  Research  &  Development,  Inc. 

62-10  Woodslde  Avenue 
Woodslde  77,  New  York 

M.  Eneman  .........  .  .  .  1 

E.  I.  duPont  deNeraours 
Eastern  Liiboratorles 
Explosives  Department 

Glbbstown,  New  Jersey  ...  .  1 
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Allegharey  Ballistics  Laboratory 

Cumberland,  Maryland  .  ....I 

The  Franklin  Institute 

20th  &  Benjamin  Franklin  Parkway 

Philadelphia,  Pennsylvania  .  .....1 

Welex  Electronics  Corporation 
Solar  Building,  Suite  201 
I6th  &  K  Streets,  N.  W. 

Washington  25«B.C . 1 

American  Machine  &  Foundry  Co. 

1025  North  Royal  Street 
Alexandria,  Virginia 

Dr.  L.  F.  Dytrt  . . »...! 

Atlas  Powder  Company 
Reynolds  Ordnance  Section 
P.  0.  Box  271 
Tamaqua,  Pennsylvania 

Mr.  R.  McGlrr  .,  .  ............I 

Grumman  Aircraft  Engineering  Corporation 
Weapons  Systems  Department 
Bethpage,  Long  Island,  New  York 

Mr.  R.  M.  Carbee  ••••••••••.........1 

Jansky  and  Bailey,  Inc. 

1339  Wisconsin  Avenue,  N.  W. 

Washington,  D.  C. 

Mr,  F.  T.  Mitchell,  Jr . , . 1 

McCormick  Selph  Institute 
Hollister,  California 

Technical  Library  .  ....  .  1 

Midwest  Research  Institute 
425  Volker  Boulevard 
Kansas  City,  Missouri 

Security  Officer  ........  .  .....1 

RCA  Service  Company 

Systems  Engineering  Facility  (E.  B.  Johnston) 

Government  Service  Department 
838  N,  Henry  Street 

Alexandria,  Virginia  .  1 
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Ked«l«  Incorporated 
2300  £.  Kate! la  Avenue 
Anaheim,  California 

Library  . . 1 

Armed  Services  Explosives  Safety  Board 

Department  of  Defense 

Room  2075,  Bldg.  T-7,  Gravelly  Point 

Washington  23«D.C.  1 

U.  S.  Flare  Division  Atlantic  Research  Corporation 
19701  W.  Good vale  Road 

Saugus,  California  1 
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